A gene coding for toxoflavin biosynthesis-related protein-i (TRP-i) of Pseudomonas (Burkholderia) glumae was cloned and sequenced. The gene coded a polypeptide of 244 amino acids with a calculated molecular mass of 27,434Da. Three motifs characteristic of methyltransferases were found in the deduced protein sequence of TRP-1, supporting the assumption that toxoflavin biosynthesis requires transmethylation.
INTRODUCTION
Pseudomonas (Burkholderia) glumae causes rice seedling rot in nursery boxes and grain rot in the field after heading. The bacterium produces the phytotoxin toxoflavin, which reduces the growth of both leaves and roots of rice seedlings and produces chlorotic leaf spots3,11) and brown streaks on the paleae and lemmata3). Moreover, non-toxigenic strains which were obtained from spontaneous mutation during subculture or by transposon (Tn5) mutagenesis failed to cause disease12). These facts implied that toxoflavin synthesis plays an important role in lesion development by P. glumae on rice plants.
We previously identified two proteins from wild-type strains of P. glumae by two-dimensional polyacrylamide gel electrophoresis (2D-PAGE) and designated them as toxoflavin biosynthesis-related proteins-1 and 2 (TRP-1 and -2)12). These proteins were not detected on 2D-PAGE of non-toxigenic mutants. The synthesis of TRP-1 and -2 was confined to the late exponential phase of growth, coinciding with the initiation of toxoflavin production. The anti-TRP1 antibody reacted with a single band of about 30kDa in SDS-PAGE separations of proteins from toxoflavin-producing strains of P. glumae and P.
gladioli. These facts suggest that this protein plays an important role in toxoflavin production.
In the present study, to help elucidate the function of TRP-1, the N-terminal and internal amino acid sequences of the protein were determined, and oligonucleo- flanking region showed an open reading frame consisting of 735 bp in this sequence (Fig. 4) . The deduced amino acid sequence coded for a peptide of 244 amino acid residues with a calculated mass of 27,434Da. A putative promoter sequence of the -35/-10 type6) was identified within the sequenced region 224bp upstream from the start codon.
Sequence data bases showed no significant homology between the TRP-1 coding sequence and proteins throughout the region. However, a motif characteristic of metyltransferases (region I)4) was found in TRP-1 between amino acids 44 and 52. This pattern of amino acids has been observed in a large number of methyltransferases specific for a wide range of substrates such as proteins, nucleic acids, and small molecules. As described by Ingrosso et al. 4) , two invariant glycine residues found in this region are considered to have crucial roles in protein folding and function. In addition, two other weakly conserved motifs (region II, region III)4), primarily in the metyltransferases specific for simple biochemical substrates such as amino acids or small molecules, were found in TRP-1 between 102 and 109, 132 and 141. The presence of these two additional motifs supports the assumption that TRP-1 is a methyltransferase specific for biochemical substrates rather than for nucleic acids.
Toxoflavin has two methyl groups which also reinforces the hypothesis that the TRP-1 protein is a methyltranferase that transfers methyl groups from S-adenosylmethionine to a precursor of toxoflavin as an acceptor substrate. Although the structure and the total synthesis of toxoflavin were confirmed by Daves et al.2), the biosynthetic pathway of this toxin still remains unknown. Nor could we concretely reveal the catalytic process involving TRP-1, but nucleotide sequence analysis downstream of the TRP-1 coding region demonstrated that the P. glumae toxoflavin synthesis genes were located and co-regulated in an operon structure consisting of several open reading frames (paper in preparation). The biosynthetic pathway of toxoflavin should be elucidated by analyzing genes located in the operon.
Disruption of TRP-1 coding region To demonstrate that the operon including TRP-1 was involved in toxoflavin production, gene disruption experiments were carried out using homologous recombina- (Fig. 6) . These results indicated that the TRP-1 coding region was disrupted by plasmid integration in all eight mutant isolates.
All the disrupted mutant strains lost the ability to produce toxoflavin (Fig. 7) as shown by their lack of fluorescence under UV light. Analysis by 2D-PAGE indicated the absence of TRP-1 and TRP-2 in these mutants (data not shown). These observations showed that the operon including TRP-1 was associated with toxoflavin production. TRP-2 may be located and coregulated in an operon structure with TRP-1. Further analysis of the P. glumae toxoflavin biosynthe- 8.
